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© A semiconductor device comprises-- 
ductor-substrate "(1 Tph~aving _ a "major surface, a 
trench device isolation region. (30) having a trench 
(16) selectively formed to define at least one island 
region in the major surface of the semiconductor 
substrate (11) and a filler (18a) insulatively formed 
within the trench (16), an elongated gate electrode 
(20) insulatively formed over a central portion of the 
island region so that each of its both ends which are 
opposed to each other in the direction of its length 
overlaps the trench device isolation region (30), and 
source and drain regions formed within the island 
region on the both sides of the gate electrode (20). 
The surface of the trench device isolation region (30) 
is formed lower than the major surface of the semi- 
conductor substrate (11). Those portions of the ma- 
jor surface of the semiconductor substrate (11) that 
are located under the gate electrode (20) at the 
boundary with the trench device isolation region 



_(38)_ are^rounded.-and-the-radius of-curvature "of" 
these portions of the major surface of the semicon- 
ductor substrate (11) is selected to be not less than 
50 nm. 




FIG. 3A 
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The present invention relates to a semiconduc- 
tor device and a method of manufacturing the 
same. More specifically, the present invention re- 
lates to a semi-conductor device having a trench- 
type device isolation region and a manufacturing 
method of the device isolation region. 

With the advance of microminiaturization (fine 
structuring) of integrated circuits, the area allowed 
for device isolation regions has been increasingly 
reduced. Thus, these conventional device isolation 
regions formed by means of LOCOS (Local Oxida- 
tion Of Silicon) are becoming difficult to use. To 
accommodate the recent fine structuring integrated 
circuits, trench device isolation has been proposed 
(for instance, see IBM Technical Disclosure Bul- 
letin, Vol. 25, No. 8, January 1983). However, if a 
MOS transistor is formed in a fine region sur- 
rounded with a device isolation region formed by 
this method, a new problem will arise in the prop- 
erties of the resultant transistor. 

First, the structure of a MOS transistor formed 
surrounded with a trench isolation region will be 
described with reference to FIGS. 1A, 1B and 1C. 
FIG. 1A is a plan view of the MOS transistor 
formed surrounded with the trench isolation region, 
and FIGS. 1B and 1C are sectional views taken 
along the line 1B - 1B and the line 1C - 1C of FIG. 
1A. For example, an n-type well 102 is formed 
surrounded with a trench isolation region 103 in a 
p-type silicon substrate 101. The trench isolation 
region 103 is formed of an insulating layer 107 
deposited on the wall of a trench 109 and an 
insulating layer 108a embedded in the trench. A 
gate insulating layer 104 is deposited over the 
entire surface of the substrate 101 and a gate 
electrode 105 is then formed on a selected portion 
of the gate insulating layer. The gate electrode is 
formed so that both of its ends which are opposed 
to each other in the direction of its length overlap 
the isolation region 103. On the opposite sides of 
the gate electrode along its width, substrate re- 
gions surrounded with the isolation region 103 and 
the gate electrode 105 are ion implanted with im- 
purities, such as phosphorus (P), arsenic (As) or 
the like, forming n-type diffused layers 106 which 
serve as the source and drain regions of the MOS 
transistor. 

Next, the formation of the trench performed 
prior to the formation of that transistor and its 
associated problems will be described with refer- 
ence to FIGS. 2A, 2B, and 2C. The formation of the 
well is omitted only for the purpose of simplifying 
the description. First, a thin layer 112 of silicon 
oxide of about 100 nm thickness is formed or 
deposited on the entire surface of the silicon sub- 
strate 101 by a conventional thermal oxidation 
technique. Then, the oxide layer 112 is coated with 
a photoresist layer and a resist pattern 113 is 



formed by the use of a lithography technique. Next, 
the oxide layer 112 is selectively etched with the 
resist pattern 113 used as a mask. After that, the 
silicon substrate 101 is etched to a depth of about 

5 500 nm, forming the trench 109 for subsequent use 
as the device isolation region (FIG. 2 A). 

Next, after the removal of the resist pattern 
113, an oxide layer is thermally grown at a thick- 
ness of about 20 nm over the entire surface of the 

w substrate including the trench 109 in order to re- 
move etching induced damage. Then, an oxide 
layer 108 is deposited over the entire surface to a 
thickness of 1 urn, whereby the trench is filled with 
the oxide layer 108 (FIG. 2B). 

15 The oxide layer 108 is etched back by means 

of anisotropic etching or polishing, thereby leaving 
only a portion 108a of the oxide layer 108 in the 
trench 109. Subsequently, an ion implantation step 
(not shown) is performed for controlling the thresh- 

20 old voltages of MOSFETs. A gate oxide layer 104 
is thermally grown to a thickness of about 10 nm 
and the gate electrode layer 105 of polycrystalline 
silicon is formed to a thickness of 300 nm (FIG. 
2C). This figure corresponds to the case where the 

25 gate electrode layer 105 extends continuously over 
one trench portion in FIG. 1C. 

In forming such a trench isolation region 103 it 
is required to allow for process margins for the 
etchback of the oxide layer 108. Thus, a predeter- 

30 mined amount of overetching is needed. As a re- 
sult, the surface of the oxide layer 108a after the 
etching will become slightly lower than the surface 
of the silicon substrate 101. Thus, the gate oxide 
layer 104 will have nearly rectangular steps in the 

35 areas surrounded by circles A in FIG. 2C. 

With such trench device isolation, an electric 
field is set up by a difference in level between the 
surface of the oxide layer 108a and the surface of 
the silicon substrate 101, which results in a de- 

40 crease in the threshold voltage of the MOSFET. In 
a MOSFET with a narrow gate in particular, the 
electric field is enhanced in the step (edge) por- 
tions, which results in a significant decrease in the 
threshold voltage. This is due to a phenomenon by 

45 which a parasitic MOSFET having a low threshold 
voltage is formed in the edge portions where there 
is a difference in level between the substrate sur- 
face and the trench surface. This phenomenon is 
not desirable for MOS integrated circuits in which a 

so very large number of MOSFETs having different 
gate widths are packed because the threshold volt- 
age may vary from FET to FET. With the MOS- 
FETs exhibiting this phenomenon there are the 
possibilities of an increase in standby current and a 

55 decrease in reliability of transistors; thus, it is desir- 
able that this phenomenon should be eliminated. 

It is an object of the present invention to pro- 
vide a trench-isolated semiconductor device which 
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is adapted to ease the concentration of electric 
fields in edge portions of a trench isolation region 
to thereby prevent the threshold of MOSFETs from 
lowering. 

It is the other object of the present invention to 
provide a method of forming such a trench isolation 
region. 

To attain the object, a semiconductor device of 
the present invention comprises: a semiconductor 
substrate having a major surface; a trench device 
isolation region having a trench selectively formed 
to define at least one island region in the major 
surface of the semiconductor substrate and a filler 
insulatively formed within the trench; an elongated 
gate electrode insulatively formed over a central 
portion of the island region so that each of its both 
ends in the direction of its length overlaps the 
trench device isolation region; and source and 
drain regions formed within the island region on the 
both sides of the gate electrode, the surface of the 
trench device isolation region being lower than the 
major surface of the semiconductor surface, por- 
tions of the major surface of the semiconductor 
substrate that are located under the gate electrode 
at the boundary with the trench device isolation 
region being rounded, and the radius of curvature 
of the portions of the major surface of the semicon- 
ductor substrate being selected to be not less than 
50 nm. 

A method of the present invention which forms 
a trench device isolation region in a surface of a 
semiconductor substrate comprises the steps of: 
forming a first oxide layer on the surface of the 
semiconductor substrate; forming at least one cov- 
er layer on the first oxide layer; selectively remov- 
ing the cover layer and the first oxide layer to form 
an opening in the layers to expose a selected 
portion of the surface of the semiconductor sub- 
strate; etching the semiconductor substrate through 
the opening to form a trench in the semiconductor 
substrate; subjecting- the-tfrst- -oxide-layer -to -side- 
etching through the opening to expose the edge of 
the semiconductor substrate at the boundary with 
the trench; and forming a second oxide layer over 
the entire surface including the inside of the trench, 
whereby the edge of the semiconductor substrate 
exposed by the side etching is rounded. 

According to the method, the edge of the semi- 
conductor substrate at the boundary with the trench 
is exposed by side-etching the first oxide layer. 
The subsequent thermal growth of the second ox- 
ide layer permits that edge of the semiconductor 
substrate to be oxidized and rounded- When the 
trench is subsequently filled with the third oxide 
layer to form the trench device isolation region, the 
surface of the semiconductor substrate gently 
changes to the surface of the trench isolation re- 
gion with a certain curvature. When the radius of 



the curvature is selected to be 50 nm or more, the 
concentration of electric field in the boundary be- 
tween the surface of the semiconductor substrate 
and the surface of th_ trench isolation region can 

5 be prevented. Therefore, MOSFETs having fine 
gate electrodes can be fabricated with no reduction 
in threshold voltage. 

This invention can be more fully understood 
from the following detailed description when taken 

io in conjunction with the accompanying drawings, in 
which: 

FIGS. 1A, 1B and 1C are views for use in 
explanation of the structure of a MOSFET sur- 
rounded by a trench isolation region, more spe- 
15 cifically, FIG. 1A is a plan view of the MOSFET, 
and FIGS. IB and 1C are sectional views taken 
along the line 1B - 1B and the line 1C - 1C, 
respectively, of FIG. 1A; 

FIGS. 2A, 2B and 2C are sectional views of a 
20 trench isolation region in the order of steps of 
manufacturing thereof; 

FIG. 3A is a sectional view of a MOSFET ac- 
cording to a first embodiment of the present 
invention; 

25 FIG. 3B is an enlarged view of a portion in- 
dicated at 3B in FIG. 3A; 

FIGS. 4A through 4H are sectional views of a 
trench isolation region according to a first em- 
bodiment of the present invention in the order of 
30 steps of manufacturing thereof; 

FIG. 5 is a sectional view of a trench isolation 
region according to a second embodiment of the 
present invention in one step of manufacturing 
thereof; 

35 FIGS. 6A through 6E are sectional views of a 
trench isolation region according to a third em- 
bodiment of the present invention in the order of 
steps of manufacturing thereof; 
FIG. 7 is a sectional view of a trench isolation 

40 region according to a fourth embodiment of the 

present -inventionHn-one-step of manufacturing" 

thereof; 

FIGS. 8 and 9 are graphs illustrating compari- 
sons in threshold characteristic between a MOS 
45 transistor of the present invention and a conven- 
tional MOS transistor; and 

FIG. 10 is a graph for use in explanation of the 
"hump" phenomenon for a MOS transistor of 
the present invention and a conventional MOS 
so transistor. 

FIG. 3A is a sectional view of a MOSFET 
according to a first embodiment of the present 
invention, which corresponds to FIG. 1C that is a 
sectional view of the above conventional transistor 
55 taken along the line 1C - 1C of FIG. 1A. A trench 
16 is formed in a silicon substrate 11. The trench 
16 is filled with a silicon oxide layer 18a with an 
insulating layer 17 formed on the wall of the trench, 
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forming a trench isolation region 30. A gate insulat- 
ing layer 19 is deposited over the entire surface of 
the silicon substrate. A gate electrode 20 is selec- 
tively formed on the gate insulating layer. The 
edge profile of the semiconductor substrate 1 1 (the 
portion surrounded by a circle 3B) at the boundary 
with the trench 16 is formed with a gentle curvature 
so that the electric field will not be concentrated. 
FIG. 3B is an enlarged view of that portion. The 
radius of curvature of that edge of the semiconduc- 
tor substrate 11 is selected to be not less than 50 
nm. The reason will be described later. 

Next, a method of forming the trench will be 
described with reference to FIGS. 4A to 4H. In 
these figures, only one trench portion is illustrated. 
First, a first silicon oxide layer 12 is formed over 
the silicon substrate 11 to a thickness of the order 
of 25 nm by means of thermal oxidation, a poly- 
crystalline silicon layer 13 is formed over the first 
silicon oxide layer to a thickness of the order of 
200 nm by chemical vapor deposition, and a sec- 
ond silicon oxide layer 14 is formed over the poly- 
crystalline silicon layer to a thickness of the order 
of 200 nm by means of chemical vapor deposition. 
After that, the second oxide layer 14 is coated on 
top with a photoresist layer, and that photoresist 
layer is formed into a predetermined resist pattern 
15 by means of lithography (FIG. 4A). 

Next, the second oxide layer 14, the poly- 
crystalline silicon layer 13 and the first oxide layer 
12 are subjected to anisotropic etching (RIE in this 
case) in sequence by using the resist pattern 1 5 as 
an etching mask. The resist pattern 15 is then 
removed. After that, a portion of the silicon sub- 
strate 1 1 is etched away to a depth of the order of 
700 nm by means of anisotropic etching (RIE in 
this case) using the second oxide layer 14 as an 
etching mask, thus forming a trench 16 which is 
used to form an embedded device isolation region 
(FIG. 4B). 

The first oxide layer 12 is then subjected to 
isotropic etching so that it is recessed laterally to a 
depth of, say, 50 nm as shown in portions sur- 
rounded by circles C in FIG. 4C. For this etching 
step, it is possible to use either a wet etching 
technique using ammonium fluoride (NH4F) or 
hydrofluoric acid (HF) or a chemical dry etching 
(CDE) technique. Note here that the second oxide 
layer 14 is etched away at the same time the first 
oxide layer 12 is etched. 

Next, in order to eliminate faults induced in the 
silicon substrate 11 when the trench 16 is formed, 
a third oxide layer 17 is thermally grown over the 
entire surface of the substrate to a thickness of the 
order of 35 nm. At this time, the edges of the the 
silicon substrate at the boundary with the trench, 
which are exposed, will be rounded by thermal 
oxidation as shown in portions surrounded by cir- 



cles D. The thermal oxidation is performed for one 
hour at 1 ,000 * C so that the radius of curvature of 
the edges will become not less than 50 nm. The 
recessed portions of the first oxide layer 12 is filled 

5 with the oxide layer thanks to the effect of volume 
expansion of the polycrystalline silicon layer 13 by 
oxidation (FIG. 4D). 

After that, a fourth silicon oxide layer 18 is 
deposited over the entire surface, including the 

w trench 16, to a thickness of the order of 1 urn by 
means of chemical vapor deposition (FIG. 4E). The 
fourth silicon layer 18 is then etched back by 
means of polishing or anisotropic etching to leave a 
portion 18a of the oxide layer only in the trench 16. 

75 At this time, the polycrystalline silicon layer 13 is 
used as a stopper layer for etchback by polishing 
(FIG. 4F). 

The polycrystalline silicon layer 13 and the first 
oxide layer 12 are removed in succession, whereby 

20 the trench isolation region 30 is completed. The 
surface of the silicon substrate 11 borders on the 
surface of the oxide layer 18a not abruptly but 
gently (FIG. 4G). 

To proceed to the formation of a MOSFET, a 

25 device formation region surrounded with the trench 
isolation region 30 is subjected to ion implantation 
so that a predetermined threshold will be obtained. 
After that, as shown in FIG. 4H, a gate oxide layer 
19 is deposited over the entire surface to a thick- 

30 ness of the order of 10 nm and then a gate 
electrode layer 20 of polycrystalline silicon is de- 
posited over the gate oxide layer to a thickness of 
the order of 300 nm. The gate electrode layer is 
then patterned. The gate electrode layer 19 is 

35 formed to have a gently curved surface in the 
neighborhood of the edge of the trench isolation 
region filled with the silicon oxide layer 18a as 
shown in the circle indicated at D in FIG. 4H. 
Whereby, the concentration of the electric field in 

40 the surface boundary between the silicon substrate 
11 and the trench 16 can be eased. The source 
and drain regions (not shown) are subsequently 
formed with the result that the MOSFET shown in 
FIG. 3A is completed. 

45 Next, a trench-isolated MOSFET according to a 

second embodiment of the present invention will 
be described. This transistor is identical in section 
to that shown in FIG. 3A. Thus, only different 
manufacturing steps will be described. 

so The steps shown in FIGS: 4A, 4B and 4C are 

performed first as in the first embodiment. Next, as 
shown in FIG. 5, the entire surface of the silicon 
substrate 11 is subjected to isotropic etching with 
the result that the edge of the silicon substrate is 

55 rounded as shown in the circle E of FIG. 5. After 
that, as shown in FIG. 4D, the third insulating layer 
17 is formed as in the previous embodiment. The 
subsequent steps are the same as those in the 
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previous embodiment. 

Thus, according to the present embodiment, 
after the edge of the silicon substrate 11 at the 
boundary with the trench has been exposed, iso- 
tropic etching is performed to round the substrate 5 
edge in advance. After that, the third oxide layer 17 
is formed, which permits that edge to be further 
rounded; thus, the edge can be rounded more 
greatly than in the first embodiment. That is, the 
second embodiment ensures that the radius of 10 
curvature of the edge becomes 50 nm or more. 

A trench isolation region forming method ac- 
cording to a third embodiment of the present inven- 
tion will be described next. The structure of a 
MOSFET of the present embodiment is the same rs 
as that shown in FIG. 3A; thus, its structure need 
not be described. The formation of a trench isola- 
tion region will be described with reference to 
FIGS. 6A to 6E with only different steps from the 
first embodiment taken. 20 

The first oxide layer 12 is deposited over the 
entire surface of the silicon substrate 11 to a thick- 
ness of the order of 25 nm by means of thermal 
oxidation, the polycrystalliner silicon layer 13 is 
deposited over the first oxide layer to a thickness 25 
of the order of 200 nm by means of chemical vapor 
deposition, and the second oxide layer 14 is de- 
posited over the entire surface of the polycrystal- 
line silicon layer to a thickness of 200 nm by 
means of chemical vapor deposition. After that, a 30 
photoresist layer is coated on the second oxide 
layer, then patterned by means of lithography to 
form the resist pattern 15 (FIG. 6A). 

Next, the second oxide layer 14, the poly- 
crystalline silicon layer 13 and the first oxide layer 35 
12 are subjected to anisotropic etching (RIE) in 
sequence using the resist pattern 15 as a mask 
(FIG. 6B), thereby forming an opening in these 
layers to expose a portion of the surface of the 
silicon substrate. *o 

After thatrthe-first oxide-tayer 12 is~subjected 

to isotropic etching, so that it is laterally recessed 
to a depth of the order of 50 nm. As the isotropic 
etching technique, either a wet etching technique 
using ammonium fluoride (NH4F) or hydrofluoric 45 
acid (HF) or a chemical vapor deposition technique 
may be used. In performing the isotropic etching, 
the second oxide layer 14 will be etched like the 
first oxide layer 12; however, this causes no prob- 
lem. Thus, both the first and second oxide layers 50 
12 and 14 are etched laterally as shown in circles 
F in FIG. 6C. 

By using the resist pattern 15 as a mask, the 
silicon substrate 11 is subjected to anisotropic 
etching to form the trench 16 for isolation in the 55 
substrate to a depth of the order of 700 nm (FIG. 
6D). 



After that, the resist pattern 15 is removed. The 
third oxide layer 17 is formed over the entire sur- 
face including the trench 16 to a thickness of the 
order of 35 nm by means of thermal oxidation. At 
this point, the edge of the silicon substrate 11, 
which is exposed, is oxidized and rounded as 
shown in circles G in FIG. 6E. In this case, the 
thermal oxidation is performed for one hour at 
1,000*C so that the radius r of curvature of the 
edge will become 50 nm or more. Thanks to the 
effect of volume expansion of the polysilicon layer 
13 by oxidation, the recess of the oxide layer 12 is 
filled with an oxide layer (FIG. 6E). After that, as in 
the first embodiment, the fourth oxide layer 18 is 
deposited over the entire surface so as to fill the 
trench (FIG. 4E), then etched back to form such a 
trench isolation region 30 as shown in FIG. 4G. 

As in the second embodiment, in the present 
embodiment as well, the edge of the silicon sub- 
strate, in which MOSFET source and drain regions 
are formed, at the boundary with the trench is 
exposed by laterally etching the first oxide layer 
12. By performing thermal oxidation in this state, 
the edge of the silicon substrate can be rounded. 

Next, reference will be made to FIG;. 7 to 
describe a trench isolation region forming method 
according to a fourth embodiment of the present 
invention. Only different steps from those in the 
method of the third embodiment will be described. 
First, the steps in the third embodiment shown in 
FIGS. 6A to 6D are performed. Next, as shown in 
FIG. 7, the silicon substrate 11 is subjected to 
isotropic etching to round the edge of the trench 
region as shown in circles H in FIG. 7. After that, 
as shown in FIG. 6E, the third oxide layer 17 is 
formed as in the third embodiment, and then the 
same steps are performed. Thus, according to the 
present embodiment, the edge of the trench region 
is rounded two times, ensuring more rounding of 
the edge. 

In the~above embodimentsr the - polycrystalline 

silicon layer 13 is used as a stopper when a 
material serving as a filler into the trench is etched 
back, and the second oxide layer (Si02> is used as 
the mask for forming the trench. These examples 
are described by way of illustration and not restric- 
tive. Any material whose etching rate is sufficiently 
different from that of the filler in the trench can be 
used as the stopper layer. For example, the stop- 
per layer may be made of WSi, MoSi, TiSi, or the 
like. If the etching mask is made of a different 
material from the stopper layer, TiN, carbon, or SiN 
may be used. As the filler material, on the other 
hand, SiN, Si, PSG, BPSG. or the like may be 
used. Moreover it is not essential to make a two- 
layer structure comprised of a stopper layer and an 
etching mask. A single cover layer may be used as 
an etching mask. 
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The threshold voltage characteristic of NMOS- 
FETs having the trench device isolation regions 
formed in accordance with the above-described 
methods will be described below with reference to 
FIG. 8, which shows threshold voltage (volt) versus 5 
gate width (urn). With a conventional MOSFET, the 
threshold voltage when the gate width is 0.4 urn is 
0.08 V (15%) less than that when the gate width is 
1.2 urn. With the MOSFET of the present invention, 
however, even when the gate width is 0.4 am, the w 
threshold voltage remains unchanged from when 
the gate width is 1.2 urn. 

A decrease in the threshold voltage of a MOS- 
FET due to a difference in level between the sur- 
face of the silicon substrate and the surface of the 75 
trench isolation region can also be understood by 
the so-called "hump" phenomenon seen in the 
gate voltage (Vg) versus drain current (Id) char- 
acteristic of MOSFETs. FIG. 9 shows an Id versus 
Vg curve in which the drain current Id is repre- 20 
sented in logarithm by relative values. With the 
drain current represented in logarithm, in the subth- 
reshold region wherein Vg is less than 0.5V there is 
a region where the slope is straight. The relation- 
ship between this slope, represented by S-Factor 25 
(Subthreshold Swing) = Voltage/decade, and Vg is 
shown in FIG. 10. In this figure, the continuous 
curve P represents the characteristic of a normal 
MOSFET. From this it will be understood that the 
S-Factor characteristic is nearly flat in the subth- 30 
reshold region. The dotted curve Q shows the 
"hump" phenomenon. The dashed-and-dotted 
curve R shows the intermediate characteristic. Re- 
ferring back to FIG. 9, it will be understood that the 
dotted curve Q showing the hump phenomenon is 35 
shifted to the left of the continuous curve P in the 
region where the gate voltage Vg is low, resulting 
in a substantial decrease in the threshold voltage. 
The continuous curve P was measured for a MOS- 
FET in which the radius r of curvature of the edge 40 
of the substrate at the boundary with the trench is 
substantially 50 nm. The dotted curve Q and the 
dashed-and-dotted curve R correspond to MOS- 
FETs in which that radii are 0 and 30 nm, respec- 
tively. From this it can be said that no hump 45 
phenomenon will occur and hence the threshold 
will not be lowered if the radius r of curvature of 
the trench edge is set at 50 nm or more. The 
above measurements were made on samples man- 
ufactured using the conventional method and the so 
method of the present invention. By this the effec- 
tiveness of the present invention can be confirmed. 
Note that the above samples were 1 urn in gate 
width and 5 urn in gate length. 

According to the present invention, as de- 55 
scribed above, the edge profile of the silicon sub- 
strate at the boundary with the trench isolation 
region can be curved gently. This prevent the 



electric field from being concentrated in the sub- 
strate edge portion under the gate electrode. Even 
if the gate width is narrow, therefore, the threshold 
voltage will not be lowered. 

Claims 

1. A semiconductor device characterized by com- 
prising: 

a semiconductor substrate (11) having a 
major surface; 

a trench device isolation region (30) having 
a trench (16) selectively formed to define at 
least one island region in said major surface of 
said semiconductor substrate (11) and a filler 
(18a) insulatively formed within said trench 
(16); 

an elongated gate electrode (20) in- 
sulatively formed over a central portion of said 
island region so that each of its both ends in 
the direction of its length overlaps said trench 
device isolation region (30); and 

source and drain regions formed within 
said island region on the both sides of said 
gate electrode (20), 

the surface of said trench device isolation 
region (30) being lower than said major surface 
of said semiconductor substrate (11), portions 
of said major surface of said semiconductor 
substrate (11) that are located under said gate 
electrode (20) at the boundary with said trench 
device isolation region (30) being rounded, and 
the radius of curvature of said portions of said 
major surface of said semiconductor substrate 
(11) being selected to be not less than 50 nm. 

2. The semiconductor device according to claim 
1, characterized in that said filler (18a) is an 
insulator. 

3. A method of forming a trench device isolation 
region (30) in a surface of a semiconductor 
substrate (11) characterized by comprising the 
steps of: 

forming a first oxide layer (12) on the 
surface of said semiconductor substrate (1 1); 

forming at least one cover layer (13, 14) 
on said first oxide layer; 

selectively removing said cover layer (13, 
14) and said first oxide layer (12) to form an 
opening in said layers (12, 13, 14) to expose a 
selected portion of the surface of said semi- 
conductor substrate (1 1); 

etching said semiconductor substrate (11) 
through said opening to form a trench (16) in 
said semiconductor substrate (11); 

subjecting said first oxide layer (12) to side 
etching through said opening to expose the 
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edge of said semiconductor substrate (11) at said edge of said semiconductor substrate (11) 

the boundary with said trench (16); and is rounded by said thermal oxidation. 

forming a second oxide layer (17) over the 
entire surface including the inside of said 
trench (16), whereby said edge of said semi- s 
conductor substrate (11) exposed by said side 
etching is rounded. 

4. The method according to claim 3, character- 
ized by further comprising, after the step of w 
subjecting said first oxide iayer (12) to side 
etching, the step of performing isotropic etch- 
ing to thereby round said edge of said semi- 
conductor substrate (11). 

;s 

5. The method according to claim 3, character- 

ized in that said second oxide layer (17) is 

formed by means of thermal oxidation, and 
said edge of said semiconductor substrate (11) 
is rounded by said thermal oxidation. 20 

6. A method of forming a trench device isolation 
region (30) in a surface of a semiconductor 
substrate (11) characterized by comprising the 
steps of: 25 

forming a first oxide layer (12) on the 
surface of said semiconductor substrate (11); 

forming at least one cover layer (13, 14) 
on said first oxide layer (12); 

selectively removing said cover layer (13, 30 
14) and said first oxide layer (12) to form an 
opening in said layers (12, 13, 14) to expose a 
selected portion of the surface of said semi- 
conductor substrate (11); 

subjecting said first oxide layer (12) to side 35 
etching through said opening; 

etching said semiconductor substrate (11) 
through said opening to form a trench (16) in 
said semiconductor substrate (11), the edge of 
said semiconductor substrate (11) at the 40 
~ ^boundary witrT said - trench - (TeptrTus - formed ~ 
being exposed as a result of said side etching 
of said first oxide layer (12); and 

forming a second oxide layer (17) over the 
entire surface including the inside of said 45 
trench (16), whereby said edge of said semi- 
conductor substrate (11) is rounded. 

7. The method according to claim . 6, character- 
ized by further comprising, after the step of so 
etching said semiconductor substrate (11), the 

step of performing isotropic etching to thereby 
round said edge of said semiconductor sub- 
strate (11). 
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The method according to claim 6, character- 
ized in that said second oxide layer (17) is 
formed by means of thermal oxidation, and 
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